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(37) ABSTRACT

In an imprinting method for transferring a pattern of a mold to
a resin coated on a substrate by using an imprinting apparatus
including a mold holding unit and a resin coating unit, the
resin 1s coated 1n n shot areas arranged 1n a direction parallel
to a direction 1n which the holding unit and the coating unit
are arranged where n 1s an integer equal to or greater than 2,
and the pattern 1s transierred to the shot areas on a one-by-one
basis. A distance D between the coating unit and the mold and
a width W of each shot area as seen 1n the direction parallel to
the direction 1n which the holding unit and the coating unit are
arranged are selected so as to satisfy a condition D>(3/2-1/
n)W, and the coating and the transierring are performed
repeatedly on the substrate.

9 Claims, 15 Drawing Sheets
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IMPRINTING METHOD AND IMPRINTING
APPARATUS

BACKGROUND OF THE

INVENTION

1. Field of the Invention

The present invention relates to an 1mprinting apparatus
and an imprinting method for transferring a pattern of a mold
to a resin coated on a substrate.

2. Description of the Related Art

An mmprinting technique refers to a technique to form a
pattern on a resin coated on a substrate such as a silicon wafer,
a glass plate or the like by transferring the pattern formed on
a mold to the resin. More specifically, the mold having the
pattern 1s pressed against the resin coated on the substrate,
and, while maintaining this state, the resin 1s cured thereby
forming the pattern 1n the resin.

One of imprinting techniques practically used today 1s that
using a photocuring process. In the photocuring method, a
photocuring resin 1s coated on a substrate, and a mold having,
a pattern 1s pressed against the substrate via the resin. While
maintaining the state in which the mold 1s pressed against the
substrate, the resin 1s 1lluminated with light such as ultraviolet
light or the like to cure the resin. Thereatter, the mold 1s
removed from the resin. The pattern remains 1n the resin on
the substrate.

To form a pattern 1n a plurality of shot areas using the
imprinting technique, it 1s known to perform the coating of
resin and the transierring of the pattern repeatedly for the
plurality of shot areas on the substrate on a one-by-one basis
(Japanese Patent No. 4185941).

To transier the pattern to a particular shot area using the
conventional imprinting technique described above, first, the
substrate 1s moved such that the shot area comes to a coating
position at which the coating 1s to be performed by a coating,
unit. The coating unit 1s a unit configured to coat resin on the
substrate. After the coating of resin 1s completed, the sub-
strate 1s moved such that the shot area coated with the resin
comes to a transier position at which the pattern of the mold
held by a mold head 1s to be transferred to the shot area, and
the transferring of the pattern 1s performed. In the imprinting
apparatus designed to perform the above-described process,
the coating unit for coating resin and the mold head that 1s
movable up and down to transfer the pattern are disposed such
that they are located 1n a horizontal line. To form the pattern
in a plurality of shot areas on the substrate, it 1s necessary to
move the substrate many times such that each shot area 1s
moved between the coating position and the pattern transier-
ring position. The time spent to perform this movement can-
not be neglected to improve the throughput of the imprinting,
apparatus. That 1s, the movement of the substrate 1s one of
significant factors that determine the throughput of the
imprinting apparatus.

SUMMARY OF THE INVENTION

In view of the above, the present ivention provides a
technique to reduce the amount of movement of a substrate in
the process of coating resin and transierring a pattern so as to
increase the throughput.

In an aspect, the present ivention provides an imprinting,
method for transferring a pattern from a mold to aresin coated
on a substrate by using an imprinting apparatus including a
holding unit configured to hold the mold and a coating unit
configured to coat the resin on the substrate, the method
comprising coating the resin 1 n shot areas arranged 1n a
direction parallel to a direction in which the holding umit and
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the coating unit are arranged where n 1s an integer equal to or
greater than 2, and after coating of the resin in the n shot areas
1s performed, transferring the pattern to the shot areas on a
one-by-one basis, wherein a distance D between the coating
unit and the mold and a width W of each shot area as seen in

a direction parallel to a direction 1n which the holding unit and
the coating unit are arranged are selected so as to satisiy a
condition D>(3/2-1/n)W, and wherein the coating and the
transierring are performed repeatedly on the substrate.
Further features of the present imvention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram 1llustrating a structure of an imprinting,
apparatus according to an embodiment of the present inven-
tion.

FIG. 2A 1s a diagram 1llustrating a method of forming a
pattern using a photo curing process.

FIG. 2B 1s a diagram 1illustrating a method of forming a
pattern using a photo curing process.

FIG. 2C 1s a diagram 1illustrating a method of forming a
pattern using a photo curing process.

FIG. 3 1s a diagram 1illustrating a positional relationship
between a coating unit and a mold according to an embodi-
ment of the present invention.

FIG. 4 1s a flow chart illustrating a process according to an
embodiment of the present invention.

FIG. 5 1s a diagram 1llustrating a manner in which shot
areas are selected according to an embodiment of the present
ivention.

FIG. 6 1s a diagram 1llustrating a process of coating resin
and transferring a pattern according to an embodiment of the
present invention.

FIG. 7 1s a diagram 1llustrating a process of coating resin
and transferring a pattern according to a conventional tech-
nique.

FIG. 8 1s a diagram 1llustrating a process of coating resin
and transierring a pattern according to an embodiment of the
present invention.

FIG. 9 1s a diagram 1llustrating a process of coating resin
and transierring a pattern according to a conventional tech-
nique.

FIG. 10 1s a diagram 1llustrating a manner 1n which shot
areas are selected according to an embodiment of the present
ivention.

FIG. 11 1s a diagram 1llustrating a process of coating resin
and transferring a pattern according to an embodiment of the
present invention.

FIG. 12 1s a diagram 1llustrating a process of coating resin
and transferring a pattern according to an embodiment of the
present invention.

FIG. 13 1s a diagram 1llustrating a process of coating resin
and transierring a pattern according to an embodiment of the
present 1nvention.

FIG. 14 1s a diagram 1llustrating a process of coating resin
and transierring a pattern according to an embodiment of the
present 1nvention.

FIG. 15 1s a diagram 1llustrating an example of a layout of
shot areas displayed on a display apparatus.

DESCRIPTION OF THE EMBODIMENTS

Embodiments of the present invention are described below
with reference to the accompanying drawings.
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First Embodiment

Referring to FIG. 1, an imprinting apparatus IMP accord-
ing to an embodiment of the present invention 1s described
below. The imprinting apparatus IMP includes a holding unit
(heremaftter, also referred to as an imprint head) 33 configured
to hold amold 11, a control unit 301 that controls the order 1in
which a plurality of shot areas defined on a substrate are to be
subjected to an 1mprinting process, and a coating unit 32
configured to coat resin in the shot areas. The control unit 301
1s configured to control, 1n addition to the imprinting order,
the operation of a water stage 31, the coating unit 32, the
imprint head 33, and a light 1llumination system 34. The
control unit 301 includes a memory for storing particular data
such that the data can be referred to as required. In the
imprinting apparatus IMP, the water stage 31 1s configured to
hold a wafer used as the substrate 12 by a water chuck (not
shown), and the light illumination system 34 1s configured to
emit light 39 such that the resin 1s 1lluminated with the light 39
via the mold 11. In the imprinting apparatus IMP shown in
FIG. 1, origins of X and Y axes are set at the center of the
imprint head 33. The water stage 31 can control the position
of the water 12 at least 1n two directions along X and Y axes
in an XY Z coordinate system. In the present embodiment, the
waler 12 1s moved by driving the wafer stage 31.

To coat resin 1n a particular shot area of the plurality of shot
areas defined on the water 12, the coating unit 32 ejects resin
while controlling the location of the water 12 by the water
stage 31.

The imprint head 33 holds the mold 11 1n an exchangeable
manner. The imprint head 33 1s driven up and down by an
actuator (not shown) while holding the mold 11. By driving
the imprint head 33 downward by the actuator, 1t 1s possible to
press the mold 11 against the water 12. The mold 11 can be
moved away from the water 12 by driving the imprint head 33
upward by the actuator.

Referring to FIGS. 2A to 2C, a description 1s given below
of a method of forming a pattern using a photocuring process.
First, as shown in FIG. 2A, the mold 11 1s pressed against the
waler 12 such that a pattern surface 15 of the mold 11 1s in
contact with resin 13. In the photocuring method, as for the
resin 13, resin 1s used that 1s curable when the resin 1s 1llumi-
nated with light such as ultraviolet light, and the mold 11 1s
made of a material such as quartz transparent to light such as
ultraviolet light used. The mold 11 has a pattern 16 formed on
the pattern surface 15 thereof. When the mold 11 1s pressed
against the water 12, the resin 13 intrudes into depressions of
the pattern 16 by capillarity.

Next, as shown 1n FIG. 2B, while maintaining the state 1n
which the mold 11 1s pressed against the resin 13, the resin 13
1s 1lluminated with the ultraviolet light 14 via the mold 11.
The 1llumination of the ultraviolet light 14 causes the resin 13
to cure, and thus the pattern 16 of the mold 11 1s transterred to
the resin 13 on the water 12. Note that pressing the mold 11
against the resin 13 actually refers to pressing the mold 11
against the wafer 12 via the resin 13, and the pattern 16 of the
mold 11 does not necessarily need to be 1n contact with the
waler 12 as shown 1n FIG. 2B.

Finally, as shown 1n FIG. 2C, the mold 11 1s moved away
from theresin 13. After the mold 11 has been moved away, the
resin 13 having a shape corresponding to the pattern 16
remains on the water 12. The pattern formed in the resin 13
remaining aiter the mold 11 1s moved away i1s similar to a
resist pattern formed by a conventional photolithography pro-
cess using an exposure apparatus. After that, processing steps
may be performed 1n a similar manner to a semiconductor
device production process using an exposure apparatus. In the
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4

present description, the term “1mprinting” 1s used to describe
the process of forming a pattern on a resin on a substrate by
transierring the pattern using the above-described technique.

Next, referring to FIG. 3, a description 1s given below as to
a positional relationship of units of the imprinting apparatus
IMP 1n particular to those involved 1n the process of coating
resin and transierring the pattern. FIG. 3 illustrates the coat-
ing unit 32 and the imprint head 33 (shown 1n FIG. 1) as seen
from -7 direction.

The mold 11 has a pattern area 43 in which the pattern 1s
formed. The coating unit 32 1s disposed at a location displaced
in a +X direction from the center of the imprint head 33 such
that no contliction occurs between the driving of the imprint
head 33 and the resin ejection by the coating unit 32. The
coating unmit 32 has a plurality of ejection nozzles 47 arranged
in a Y direction. The ejection nozzles 47 may be disposed so
as to adapt to the width, as seen 1n the Y direction, of the shot
area. Although the example shown 1n FIG. 3 includes one line
of ejection nozzles 47, there may be disposed a plurality of
lines of ejection nozzles 47.

In the imprinting apparatus IMP configured in the above-
described manner, 1n a case where resin 1s coated on the wafer
12 while moving the wafer 12 1n the —X direction, first, the
waler 12 1s moved such that a shot area to be processed comes
to a coating position 45 at which the coating of resin 1s started.
After that, the resin 1s ejected from the ejection nozzles 47
while moving the water 12 in the —X direction such that the
resin 1s coated 1n the shot area. Thereafter, to perform trans-
ferring of a pattern to the shot area 1n which the resin has been
coated, the water 12 1s moved such that the shot area with the
coated resin comes to a position (transier position) 48 at
which the pattern formed 1n the Z direction of the pattern area
43 1s to be transierred. At this position, the pattern 1s trans-
ferred.

In this description, the distance between the ejection
nozzles 47 of the coating unit 32 and the center of the pattern
area 43 of the mold 11 1s denoted by D. Note that the pattern
area 43 refers to an area 1n which the pattern 16 1s formed, and
the pattern area 43 corresponds to the shot area on the water
12. The width, as seen 1n the X direction, of the shot area on
the water corresponding to the pattern area 43 1s denoted by
W. The coating position 45 and the transfer position 48 may
be set such that the coating position 45 1s comncident with the
pattern area 43 as seen from the Z direction and the transier
position 48 1s coincident with the ¢jection nozzle 47 as seen
from the Z direction, and there 1s no particular restriction on
the height in the Z direction.

Referring to FIG. 4, an imprinting operation performed by
the imprinting apparatus IMP 1s described below. The pro-
cessing flow described below 1s controlled by the control unit
301 of the imprinting apparatus IMP. In the memory of the
control unit 301, data 1s stored 1n advance as to shot numbers
and locations of a plurality of shot areas defined on a water.
Note that the plurality of shot areas are arranged at regular
intervals in X and Y directions. In the following description,
series of shot areas 1n the X directions are referred to as rows,
and series of shot areas 1n the Y directions are referred to as
columns.

The imprinting operation 1s started (1n step S100) 1n a state
in which a water on which a pattern 1s to be formed 1s held on
the water stage 31 and a mold 1s held on the mold head.

In step S102, a selection unit 1n the control unit 301 selects
n shot areas in a row Irom the plurality of shot areas. The shot
numbers of the selected shot areas and the set number thereof
are stored in the memory of the control unit 301. The set
number 1s a number that identifies the set of shot areas
selected 1n step S102. For example, the set number may be
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determined starting with 1 and the set number may be incre-
mented by 1 each time step S102 1s executed. In step S102, in
a case where the number of unselected shot areas 1n a row of
interest 1s smaller than n, all unselected shot areas are
selected, and the shot numbers of the selected shot areas and
the set number thereof are stored 1n the memory of the control

unit 301.

Next, 1n step S104, a determination 1s made as to whether
there 1s no more unselected shot area 1n the plurality of shot
areas. If there are one or more unselected shot areas, the
process 1n step S102 1s performed for the unselected shot
areas. The process 1n step S102 1s performed 1n a similar
manner for all rows on the wafer. In a case where there are no
unselected shot areas, the processing flow proceeds to step

5106.

In step S106, the water 1s moved to the coating position and
coating of resin 1s performed by the coating unit continuously
for one set of shot areas indicated by data stored 1n step S102
in the memory of the control unit 301. If the coating of resin
1s completed for this set of shot areas, data 1s added to the data
stored 1n step S102 so as to indicate that the coating of resin 1s
completed for this set of shot areas.

In step S108, the water 1s moved such that a first one of the
shot areas that have been subjected to the coating of resin 1n
step S106 comes to the transfer position of the mold, and
transierring of the pattern 1s performed continuously for the
shot areas.

In step S110, a determination 1s made as to whether the
coating of resin and the transierring of the pattern 1n steps
S106 and S108 have been performed for all sets of shot areas
indicated by data stored in step S102 in the memory of the
control unit 301. In a case there 1s an unprocessed set of shot
areas, the unprocessed shot areas are moved to the coating
position and then to the transier position and the processes in
step S106 and step S108 are performed.

If there 1s no unprocessed set of shot areas, the process of
coating the resin and transierring the pattern 1s ended (step
S112).

The maximum number, n, of shot areas allowed to be
included 1n one set may be determined, for example, as fol-
lows. The maximum number, n, 1s an nteger equal to or
greater than 2 and 1s determined taking 1nto account factors
such as the characteristic of the resin, the locations of shot
areas defined on the wafter, etc. The resin has a property that
the characteristic thereof changes with time after the resin 1s
coated on the watfer 12. Because of this property, i1 1t takes a
long time before transierring of the pattern 1s started after the
resin 1s coated, volatilization can occur in the resin, which can
alfect the result of the transferring of the pattern. The maxi-
mum number n of shot areas allowed to be included 1n one set
may be set so as to limit the time spent before the transierring,
of the pattern to each shot area 1s started after the resin 1s
coated 1n the shot area thereby preventing the influence on the
result of the transierring of the pattern.

Referring to FIG. 5, a description 1s given below as to a
specific example of a manner 1n which the selection unit
selects n shot areas 1n step S102. In the example shown 1n
FIG. 5, n 1s selected to be 2. On the surface of the water 12, a
plurality of shot areas including shot areas 51, 52, 53, and 54
are defined. In the example shown 1n FIG. 5, 64 shot areas are
defined on the surface of the water 12. In FIG. 5, each set of
shot areas selected 1in step S102 1s surrounded by a dotted line
55. In the example shown 1n FIG. 5, a total of 32 sets of shot
areas are selected. For example, shot areas 51 and 52 are
selected as one set, and shot areas 53 and 54 are selected as
another set.
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Next, a description 1s given below as to the process of
continuously coating resin and continuously transferring the
pattern for a plurality of shot areas 1n steps S106 and S108.
The process 1s described for the following two cases: (1)
coating of resin and transferring of the pattern are performed
for the shot areas defined on the water in the order 1n the +X
direction; and (2) coating of resin and transferring of the
pattern are performed for the shot areas defined on the water
in the order 1n the —X direction.

Referring to FI1G. 6, the process 1s described for the case (1)
in which coating of resin and transferring of the pattern are
performed for shot areas in the order in the +X direction. In
the following description, by way of example, the process of
coating resin and transferring the pattern 1s explained only for
the set of shot areas 51 and 52 and the set of shot areas 53 and

54 selected in FIG. 5.

In FIG. 6, (a) 1llustrates a state immediately before starting
the coating of the resin in the shot areas 51 and 52 selected in
FIG. S. In this state, the shot area 51 has already been moved
to the resin coating position 45 shown 1n FIG. 3. In this state,
the coating of the resin 1s started. While moving the water 12
in the —X direction, the coating unit 32 coats the resin 1n the
shot area 31. In FIG. 6, (b) illustrates a state in which coating
of the resin 1n the shot area 51 has been completed. Following
the coating of the resin 1n the shot area 51, coating of resin 1s
performed for the shot area 52 1n a similar manner to the shot
areaS1.InFIG. 6, (¢) illustrates a state in which coating of the
resin 1n the shot area 32 has been completed. After the coating
of resin 1s completed for the set of shot areas 51 and 52, for
preparation for transierring of the pattern 16 of the mold 11,
the wafer 12 1s moved such that the shot area 51 comes to the
transier position 48 (shown 1n FIG. 3) at which the transier-
ring of the pattern 16 1s to be performed. After the wafer 12 1s
moved, the pattern 16 of the mold 11 1s transferred. In FI1G. 6,
(d) 1llustrates a state in which the transferring of the pattern 16
to the shot area 51 has been completed. Following the trans-
terring of the pattern 16 to the shot area 51, transferring of the
pattern 16 to the shot area 52 1s performed. In FIG. 6, (¢)
illustrates a state 1n which the transierring of the pattern 16 to
the shot area 52 has been completed. After the transierring of
the pattern 16 to the set of shot areas 51 and 52 1s completed,
for preparation of performing coating of the resin for the set of
shot areas 53 and 54, the wafer 12 1s moved 1n the +X direc-
tion such that the shot area 53 comes to the coating position 435
(shown 1n FIG. 3) at which to coat resin. In FIG. 6, (1)
illustrates a state immediately before starting the coating of
the resin for the set of the shot areas 53 and 54. In this state, the
process described above with reference to (b) to (e) 1n FIG. 6
1s performed again to coat the resin and transfer the pattern for
the set of shot areas 53 and 54. The process described above
1s repeated until the coating of resin and the transferring of the
pattern are performed for all shot areas on the water. Note that
in the above-described process in which resin 1s continuously
coated for a plurality of shot areas on the water and, after the
coating of the resin 1s completed for the plurality of shot areas,
the pattern 1s continuously transferred to the plurality of shot
areas, the plurality of shot areas that are subjected continu-
ously at a time to the above process are determined such that
the plurality of shot areas are located 1n one row on the water.
If the process 1s performed continuously for a plurality of shot
areas that are located 1n different rows, movement in the Y
direction 1s necessary in addition to the movement in the X
direction, which can lead to a reduction in throughput. That is,
the process including continuous coating of resin and con-
tinuous transferring of the pattern 1s performed on a row-by-
row basis thereby forming the pattern on the wafer.
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In the above-described process according to the present
embodiment, the wafer 1s moved during the coating of resin
and the transferring of the pattern for n shot areas. The total
amount of movement of the water can be calculated as fol-
lows. In the present embodiment and also other embodiments
described below, 1t 1s assumed that the width W of each shot
area as seen 1n the X direction 1s equal to the width, as seen 1n
the X direction, of the pattern area 43 1n which the pattern 16
1s formed and also equal to the center-to-center distance
between two shot areas that are adjacent in the X direction to
cach other. The wafer 1s moved by a distance of W as resin 1s
coated over one shot area. Theretfore, the water 1s moved by a
distance of nW to coat resin over n shot areas. After the
coating of resin 1s completed for n shot areas on the wafer,
transferring of the pattern 1s performed 1n either one of the
two ways described below.

(1-1) In a case where D+W/2>nW (see (g) of FIG. 6) at a
location at which the coating of resin 1s completed for n shot
areas and the water 1s going to be moved 1n the —X direction
to the pattern transfer position at which the pattern transier-
ring 1s to be performed for a first shot area of the set, the
amount ol movement of the wafer 1s calculated as follows. In
this case, after the coating of resin 1s completed, the water 1s
moved by a distance D+W/2-nW to a location at which the
first shot area of the set 1s just under the pattern of the mold.
The water 1s then further moved by a distance of (n—1)W to
finish continuous transierring of the pattern for n shot areas.
The water 1s then moved by a distance of D-W/2 to the
coating position at which to perform coating of resin for a
next set of shot areas. Thus, the total amount of movement of
the waler necessary 1n the coating of resin and transferring of
the pattern for n shot areas according to the present embodi-
ment 1s given equation (1.1) shown below.

B WD+ W2 =W (n= 1) W (D-W/2)=2D- W+n W (1.1)

(1-2) On the other hand, 1n a case where D+W/2>nW at a
location at which the coating of resin 1s completed for n shot
areas (see (h) 1n FIG. 6), and the wafer 1s going to be moved
in the +X direction to the pattern transier position at which the
pattern transferring is to be performed for a first shot area of
the set, the amount of movement of the watfer 1s calculated as
follows. In this case, after the coating of resin 1s completed,
the wafer 1s moved by a distance of nW-D-W/2 to a location
at which the first shot area of the set 1s just under the pattern
of the mold. The water 1s then further moved by a distance of
(n—1)W to finish continuous transferring of the pattern for n
shot areas. The water 1s then moved by a distance of D-W/2
to the coating position at which to perform resin coating for a
next set of shot areas. Thus, 1n this case, the total amount of
movement of the waler necessary 1n the coating of resin and
transierring of the pattern for n shot areas according to the
present embodiment 1s given by equation (1.2) shown below.

B Wt (W=D W/2)+(n—- 1) W (D-W/2)=3n W2 W (1.2)

For the purpose of comparison, movement of a waler
according to a conventional technique 1s described below
with reference to FIG. 7. In FIG. 7, (a) illustrates a state
immediately before starting the coating of resin for a shotarea
51. In this state, the coating of the resin 1s started. In FI1G. 7,
(b) 1llustrates a state in which coating of the resin 1n the shot
area 31 has been completed. After the resin coating 1s com-
pleted for the shot area 51, the pattern 16 of the mold 11 1s
transierred. In FIG. 7 (¢) illustrates a state 1n which the trans-
terring of the pattern 16 to the shot area 31 has been com-
pleted. After the pattern transferring 1s completed for the shot
area 51, for preparation of coating of resin for the shot area 52,
the wafer 1s moved 1n the +X direction. In FIG. 7, (d) illus-
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trates a state immediately belfore starting the coating of resin
for the shot area 52. In FIG. 7, (e) to (g) correspond to (b) to
(d) 1n FIG. 7 and 1llustrate processing steps of coating resin
and transierring the pattern to the shot area 52. Although FIG.
7 1llustrates the process only for two shot areas, the process of
coating resin and transierring the pattern 1s performed for all
shot areas on the waler by repeatedly performing the steps
shown 1n (b) to (d) in FIG. 7.

Thus, 1n this process according to the conventional tech-
nique, the total amount of movement of the waler necessary in
the coating of resin and transierring of the pattern for n shot
areas can be calculated as follows. The water 1s moved by a
distance of W as resin 1s coated over one shot area. After the
coating of resin 1s completed, the water 1s moved by a dis-
tance of D-W/2 such that the shot area 1s located just under
the pattern of the mold. The water 1s then moved by a distance
of D-W/2 to the coating position at which to perform coating
of resin for a next shot area. Thus, the total amount of move-
ment of the waler necessary in the coating of resin and trans-

terring of the pattern for n shot areas 1s given by equation (1.3)
shown below.

(Wa(D= W2 +(D=W/2))xn=2nD (1.3)

From equations (1.1) and (1.3), it 1s derived that when the
condition given by (1.4) shown below 1s satisfied, the total
amount of movement of the waler according to the present
embodiment of the invention 1s smaller than that according to
the conventional technique.

2D-WanW<2nl)

D>W/2 (1.4)

The condition (1.1) described above 1s premised on the con-
dition D+W/2>nW, and n 1s assumed to be an integer equal to
or greater than 2, and thus D>3W/2. Therelore, the amount of
movement of the walfer 1s always smaller for the present
embodiment of the mnvention.

On the other hand, from equations (1.2) and (1.3), the
condition (1.5) shown below can be derived.

3InW-=-2W<2nb

D>(32-1/mW (1.5)

The condition (1.2) described above 1s premised on the con-
dition D+W/2<nW, and thus in this case, to ensure that the
amount of movement of the wafer 1s smaller for the present
embodiment of the mvention, 1t 1s necessary to determine D
and W such that the condition (1.5) 1s satisfied. By compari-
son between the condition (1.4) and the condition (1.5), 1t can
be concluded that the condition (1.5) determines the lower
limat that allows achievement of the advantages of the present
embodiment of the mnvention.

Next, referring to FIGS. 8 and 9, the process 1s described
for the case (2) in which coating of resin and transferring of
the pattern are performed for shot areas 1n the order 1n the —X
direction. In the following description, by way of example,
the process of coating resin and transferring the pattern 1s
explained only for the set of shot areas 51 and 52 and the set
of shot areas 53 and 54 selected m FIG. 5. FIGS. 8 and 9
illustrate movement of a water in the process 1n which coating
of resin and transferring of the pattern are performed for shot
areas 1n the order 1n the —X direction.

In FIG. 8, (a) to (h) correspond to (a) to (h) in FIG. 6. The
process shown 1n FIG. 8 1s different from that shown in FIG.
6 1n that the process 1s started with the set of shot areas 33 and
54, and coating of resin and transierring of the pattern are
performed for shot areas 1n the order 1n the —X direction.
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In this case, the total amount of movement of the waler
necessary in the coating of resin and transierring of the pat-
tern continuously for n shot areas can be calculated as fol-
lows. The water 1s moved by a distance of W as resin 1s coated
over one shot area. Therelfore, the waler 1s moved by a dis-
tance of nW to coat resin over n shot areas. After the coating,
of resin 1s completed for n shot areas on the wafer, transier-
ring of the pattern 1s performed 1n either one of the two ways

described below.

(2-1) In a case where D+W/2>nW (see (g) of FIG. 8) at a
location at which the coating of resin 1s completed for n shot
areas, and the water 1s going to be moved 1n the —X direction
to the pattern transfer position at which the pattern transier-
ring 1s to be pertormed for a first shot area of the set, the
amount of movement of the water 1s calculated as follows. In
this case, after the coating of resin 1s completed, the water 1s
moved by a distance of D+W/2-nW such that the shot area 1s
located just under the pattern of the mold. The water 1s then
turther moved by a distance of (n—1)W to finish continuous
transierring of the pattern for n shot areas. The water 1s then
moved by a distance of D-W/2+2nW to the coating position
at which to perform coating of resin for a next set of shot
areas. Thus, 1n this case, the total amount of movement of the
waler necessary in the coating of resin and transierring of the
pattern for n shot areas according to the present embodiment
1s given by equation (2.1) shown below.

RWH(D+W2—uW)+(n-1)W+(D-W7242uW)=2D- W+

W (2.1)

(2-2) On the other hand, 1n a case where D+W/2<nW at a
location at which the coating of resin 1s completed for n shot
areas (see (h) of FIG. 8), and the water 1s going to be moved
in the +X direction to the pattern transier position at which the
pattern transferring 1s to be performed for a first shot area of
the set, the amount of movement of the water is calculated as
tollows. In this case, after the coating of resin 1s completed,
the wafer 1s moved by a distance of nW-D-W/2 such that the
shot area 1s located just under the pattern of the mold. The
wafler 1s then further moved by a distance of (n—1)W to finis
continuous transierring of the pattern for n shot areas. The
waler 1s then moved by a distance of D-W/2+2nW to the
coating position at which to perform coating of resin for a
next set of shot areas. Thus, 1n this case, the total amount of
movement of the walfer necessary 1n the coating of resin and
transferring of the pattern for n shot areas according to the
present embodiment 1s given by equation (2.2) shown below.

n W4 W=D= W/t (1= 1) W (D= W/ 2420 W= W=2 W (2.2)

For the purpose of comparison, moving of a waler accord-
ing to a conventional technique 1s described below with ret-
erence to FIG. 9. In FIG. 9, (a) to (g) correspond to (a) to (g)
in FIG. 7. The process shown 1n FIG. 9 1s different from that
shown in FIG. 7 1in that the process 1s started with the shot area
54, and coating of resin and transierring of the pattern are
performed for shot areas 1n the order 1n the —X direction.

Thus, 1n this process according to the conventional tech-
nique, the total amount of movement of the wafer necessary in
the coating of resin and transierring of the pattern for n shot
areas can be calculated as follows. The wafer 1s moved by a
distance of W as resin 1s coated over one shot area. After the
coating of resin 1s completed, the watfer 1s moved by a dis-
tance of D-W/2 such that the shot area 1s located just under
the pattern of the mold. The water 1s then moved by a distance
of D+3W/2 to the coating position at which to perform coat-
ing of resin for a next shot area. Thus, the total amount of
movement of the waler necessary 1n the coating of resin and
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transterring of the pattern for n shot areas 1s given by equation
(2.3) shown below.

(WA (D= W2 +(D+3W/2 N\ xn=2nD+2nW (2.3)

From equations (2.1) and (2.3), it 1s derived that when the
condition given by (2.4) shown below 1s satisfied, the total
amount ol movement of the waler according to the present
embodiment of the invention 1s smaller than that according to
the conventional technique.

2D-WA3nW<2unD+2nW

D>W/2 (2.4)

The condition (2.1) described above 1s premised on the con-
dition D+W/2>nW, and n 1s assumed to be an integer equal to
or greater than 2, and thus D>3W/2. Therelore, the amount of

movement of the waler 1s always smaller for the present
embodiment of the invention.

On the other hand, from equations (2.2) and (2.3), the
condition (2.5) shown below can be derived.

SnW=-2W<2nD+2nW

D>(32-1/mW (2.5)

The condition (2.2) described above 1s premised on the con-
dition D+W/2<nW, and thus 1n this case, to ensure that the
amount of movement of the wafer 1s smaller for the present
embodiment of the invention, 1t 1s necessary to determine D
and W such that the condition (2.5) 1s satisfied. By compari-
son between the condition (2.4) and the condition (2.3), 1t can
be concluded that the condition (2.5) determines the lower
limat that allows achievement of the advantages of the present
embodiment of the invention.

In the steps described above with reference to (b) and (¢) 1n
FIG. 6 and (b) and (c) 1n FIG. 8, the coating of resin for two
shot areas 1s performed on a one-by-one basis. Alternatively,
the coating of resin may be performed continuously for two
shot areas while continuously moving the water without a
break. This leads to a reduction 1n the number of times the
waler stage 1s accelerated and decelerated, and thus 1t
becomes possible to reduce the time needed to coat resin for
two shot areas.

Second Embodiment

Next, a second embodiment of the present imvention 1s
described below. In the process of coating resin in two or
more adjacent shot areas and transierring a pattern succes-
stvely for these shot areas, 11 the process includes illumination
of light such as ultraviolet light, scattering of light can occur
which might have an influence on adjacent shot area. One of
potential intluences of scattered light 1s to cause resin to be
cured before the pattern 1s transferred. Depending on the
sensitivity of the resin used, the illumination condition, the
space between adjacent shot areas, etc., 1t 1s necessary to take
into account the influence. When the influence cannot be
neglected, the mfluence can be reduced 1f the selection unit
selects each set of shot areas such that selected shot areas are
at locations spaced apart by a predetermined distance. In the
following description, s 1s used to specily the space between
selected shot areas. More specifically, 1n the selection of shot
areas, shot areas are selected such that there are (s—1) other
shot areas between the selected shot areas. For example, when
s=1, the selection unit selects immediately adjacent shot
areas. When s=2, the selection unit selects shot areas such that
there 1s one shot area between the selected shot areas. In the
process described below according to the present embodi-
ment, n shot areas are selected such that there are (s—1) other
shot areas between each two adjacent selected shot areas
where s 1s an mteger equal to or greater than 1.
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Referring to FIG. 10, an explanation 1s given as to a manner
in which n shot areas are selected 1n step S102. In the example
shown 1n FIG. 10, parameters are set such that n=2 and s=2.
On the surface of the waler 12, a plurality of shot areas
including shot areas 101, 102, 103, 104, 106, and 107 are
defined. Reference numeral 105 denotes a set of shot areas
selected 1n step S102. For example, shot areas 101 and 103 are
selected as a set 111, and shot areas 102 and 104 are selected
as another set 112. In the present embodiment, one or more
shot areas belonging to another set are intermediate between
selected shot areas of a set. In other words, there 1s overlap 1n
the location among sets of shot areas. In a case where s=2,
overlapping occurs between two sets (for example, between
sets 111 and 112). That 1s, overlapping occurs among s sets of
shot areas. Note that shot areas 106 and 107 are exceptional
shot areas that do not satisfies the conditions, and for these
shot areas 106 and 107, the process of coating resin and
transierring the pattern 1s performed on a one-by-one basis.

The process according to the present embodiment 1s
described below for the following two cases: (1) coating of
resin and transierring of the pattern are performed for the shot
areas defined on the water in the order in the +X direction; and
(2) coating of resin and transierring of the pattern are per-
tormed for the shot areas defined on the water in the order 1n
the —X direction.

Referring to FIG. 11, the process 1s described for the case
(1) 1n which coating of resin and transterring of the pattern are
performed for shot areas in the order in the +X direction. In
the following description, by way of example, the process of
coating resin and transferring the pattern 1s explained only for
the set 111 and the set 112 selected 1n FIG. 10.

In FIG. 11, (a) illustrates a state immediately before start-
ing the coating of resin for the set 111 of shot areas 101 and
103. In FIG. 11, (b) illustrates a state in which coating of resin
in the shot area 101 has been completed. In FIG. 11, (c)
illustrates a state immediately before starting the coating of
resin for a shot area 103 following the coating of the resin for
the shot area 101. In FIG. 11, (d) 1llustrates a state 1n which
coating of resin has been completed for the shot area 103.
After the coating of resin 1s completed for the set 111, trans-
ferring of the pattern 16 1s performed. In FIG. 11, (e) 11lus-
trates a state 1n which the transferring of the pattern 16 to the
shot area 101 has been completed. Following the transierring
of the pattern 16 to the shot area 101, transferring of the
pattern 16 to the shot area 103 1s performed In FIG. 11, (1)
1llustrates a state in which the transterring of the pattern 16 to
the shot area 103 has been completed. After the transferring of
the pattern 16 to the set 111 of shot arecas 101 and 103 1s
completed, the water 1s moved for preparation of coating of
resin for the set 112 of shot areas 102 and 104. In FI1G. 11, (g)
illustrates a state immediately before starting the coating of
resin for the set of shot areas 102 and 104. In this state, the
process described above with reference to (b) to () in FIG. 11
1s performed again to coat resin and transfer the pattern for the
set 112 of shot areas 102 and 104. The above-described pro-
cess 1s performed repeatedly until coating of resin and trans-
terring of the pattern are completed for all shot areas on the
walfer.

Next, the amount of movement of the wafer during the
process according to the present embodiment 1s calculated. In
the present embodiment, the amount of movement necessary
to perform the process for a total of s overlapping sets 1s
calculated, where the process for each set includes continu-
ously coating resin for n shot areas of the set and then trans-
terring the pattern for the n shot areas. The waler 1s moved by
a distance of W as resin 1s coated over one shot area. The
center-to-center distance between two adjacent shot areas
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belonging to each set 1s sW, and thus the amount of movement
during the process of coating resin for all n shot areas 1 each
set 15 (n—1)sW+W. After the coating of resin 1s completed for
n shot areas, transierring of the pattern 1s performed 1n either
one of the two ways described below.

(1-1) In a case where D+W/2>(n-1)sW+W at a location at
which the coating of resin 1s completed for n shot areas, and
the wafer 1s going to be moved in the —X direction to the
pattern transier position at which the pattern transferring 1s to
be performed for a first shot area of the set, the amount of
movement of the water 1s calculated as follows. In this case,
alter the coating of resin 1s completed, the water 1s moved by
a distance D+W/2—- (n—l)sW W to a location at which the
first shot area of the set 1s just under the pattern of the mold.
The water 1s then further moved by a distance of (n-1)sW to
finish continuous transierring of the pattern for n shot areas.
The water 1s then moved by a distance of (n—1)sW+(D-W/2)
to the coating position at which to perform resin coating for a
next set of shot areas. Note that after the process 1s completed
for s sets, this value 1s given by D-W/2. Thus, the total
amount of movement of the wafer necessary in the coating of
resin and transierring of the pattern for s sets each including
n shot areas according to the present embodiment 1s given by
equation (3.1) shown below.

(n—D)s W+ W+D+W72-(n-1)s W= W+(n—-1)sW)xs+({n-
L) sWH+(D-Wr2) (s—-1)+D-W2=(n-1)(2s-1)s W+

2sD (3.1)

(1-2) On the other hand, in a case where D+W/2<(n-1)
sW+W ata location at which the coating of resin 1s completed
for n shot areas, and the water 1s going to be moved 1n the +X
direction to the pattern transier position at which the pattern
transierring 1s to be performed for a first shot area of the set,
the amount of movement of the water 1s calculated as follows.
In this case, after the coating of resin 1s completed, the water
1s moved by a distance (n—-1)sW+W-D-W/2 to a location at
which the first shot area of the set 1s just under the pattern of
the mold. The water 1s then further moved by a distance of
(n—1)sW to finish continuous transierring of the pattern forn
shot areas. The water 1s then moved by a distance of (n-1)
sW+(D-W/2) to the coating position at which to perform
resin coating for a next set of shot areas. Note that after the
process 1s completed for s sets, this value 1s given by D-W/2.
Thus, the total amount of movement of the water necessary 1n
the coating of resin and transferring of the pattern for s sets
cach including n shot areas according to the present embodi-

ment 1s given by equation (3.2) shown below.

(n—D)sW+W+(n-1)sW+W-D-W/24+(n-1)sW)xs+({n-

L)sWH+(D-W72) (s—-1)+D-W/2=(4ns—4s—n+2)s W (3.2)

For the purpose of comparison, the amount of movement of
a waler 1n coating resin and transferring a pattern for s sets
cach including n shot areas according to the conventional
technique 1s calculated below. In the conventional technique,
the process of coating resin and transierring the pattern 1s
performed for the total of nxs shot areas on a one-by-one
basis. The amount of movement can be determined by sub-
stituting ns 1nto n 1 equation (1.3) according to the first
embodiment described above with reference to FIG. 7, and
the result 1s given below.

2nsD (3.3)

From equations (3.1) and (3.3), it 1s derived that when the
condition given by (3.4) shown below 1s satisfied, the total
amount ol movement of the waler according to the present
embodiment of the invention 1s smaller than that according to
the conventional technique.
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(n—1)(2s-1)sW+2sD<2nsD

D>(s-1/2)W (3:4)

The condition (3.4) described above 1s premised on the con-
dition D+W/2>(n-1)sW+W, and 1n this case, to ensure that
the amount of movement of the waler 1s smaller for the
present embodiment of the invention, 1t 1s necessary to deter-
mine D and W such that the condition (3.4) 1s satisfied.

On the other hand, from equations (3.2) and (3.3), the
condition (3.5) shown below can be derived.

(4rns—4s—n+2)sW<2ns

D>(2s-2s/m-1241/m) W (3.5)

The condition (3.5) described above 1s premised on the con-
dition D+W/2<(n-1)sW+W, and 1n this case, to ensure that
the amount of movement of the walfer 1s smaller for the
present embodiment of the invention, it 1s necessary to deter-
mine D and W such that the condition (3.5) 1s satisfied. That
1s, inequalities (3.4) and (3.5) indicate conditions that need to
be satisfied to achieve the advantages of the present embodi-
ment.

The values of the parameters n and s are determined taking,
into account factors such as the locations of shot areas, the
width W of each shot area, the characteristic of the resin, etc.
By determining the values of n and s such that the condition
(3.4) or (3.5) 1s satisfied, the advantages ol the present
embodiment of the invention can be achieved. In other words,
when n and s are given, if checking 1s performed as to whether
the condition (3.4) or (3.5) 1s satisfied, 1t 1s possible to deter-
mine whether the advantages of the present embodiment are
achieved.

(2) Referrning to FI1G. 12, the process 1s described for the
case (1) in which coating of resin and transierring of the
pattern are performed for shot areas in the order in the —X
direction. In the following description, by way of example,
the process of coating resin and transierring the pattern 1s
explained only for the set 111 of shot areas 101 and 103 and
the set 112 of shot areas 102 and 104 selected 1n FI1G. 10.

InFIG. 12, (a)to (g) correspond to (a)to (g) in FIG. 11. The
process shown i FIG. 12 1s different from that shown 1n FIG.
11 1n that the process 1s started with the set of shot areas 102
and 104, and coating of resin and transferring of the pattern
are performed for shot areas 1n the order in the —X direction.

The amount of movement of the water during the process
can be calculated as follows. In the present embodiment, the
amount ol movement necessary to perform the process for a
total of s overlapping sets 1s calculated, where the process for
cach set includes continuously coating resin for n shot areas
ol the set and then transferring the pattern for the n shot areas.
The water 1s moved by a distance of W as resin 1s coated over
one shot area. The center-to-center distance between selected
two adjacent shot areas 1s sW, and thus the amount of move-
ment during the process of coating resin for all n shot areas in
cach set 1s W+(n—-1)(sW+2W).

In this case, after the coating of resin 1s completed, the
waler 1s moved by a distance of D+W/2+(n-1)sW-W to a
location at which the first shot area of the set 1s just under the
pattern ol the mold. The wafer 1s then further moved by a
distance of (n—-1)sW to finish continuous transierring of the
pattern for n shot areas. After the transferring of the pattern 1s
completed for n shot areas, coating of resin 1s performed 1n
either one of the two ways described below.

(2-1) In a case where D+W/2>(n-1)sW-W at a location at
which the transierring of the pattern 1s completed for n shot
areas, and the water 1s going to be moved 1n the +X direction
to a location at which coating of resin 1s to be performed for
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a next set of shot areas, the amount of movement of the water
1s calculated as follows. After the transferring of the pattern 1s
completed, the water 1s moved by a distance of D+W/2-(n-
1)sW+W to a location at which to start coating of resin for the
next set of shot areas. Note that 1n a case where the process 1s
completed for s sets, this distance 1s given by D+3W/2. Thus,
the total amount of movement of the water necessary 1n the
coating of resin and transierring of the pattern for s sets each
including n shot areas according to the present embodiment 1s
given by equation (4.1) shown below.

(W+(-1)(sW+2W)+D+ W2+ (n-1)sW=W+(n—-1)sW)x
S+HD+W2—(n-1)sW+W)(s—1)+(D+3W72)=(n-1)
(25— 1)s W+2sD+2s W(2n—-1)

(2-2) On the other hand, in a case where D+W/2<(n-1)
sW-W at a location at which the transferring of the pattern 1s
completed forn shot areas, and the water 1s going to be moved
in the —X direction to a location at which coating of resin 1s to
be performed for a next set of shot areas, the amount of
movement of the wafer 1s calculated as follows. After the
transierring ol the pattern 1s completed, the wafer 1s moved by
a distance of (n—-1)sW-W-D-W/2 to a location at which to
start coating of resin for the next set of shot areas. Note that in
a case where the process 1s completed for s sets, this distance
1s given by D+3W/2. Thus, the total amount of movement of
the waler necessary 1n the coating of resin and transierring of
the pattern for s sets each including n shot areas according to
the present embodiment 1s given by equation (4.2) shown
below.

(4.1)

(W+(n-1)(sW+2W)+ D+ W24+ (n-1)sW-W+(n—-1)sW)x
s+{(n-1)sW=W-D-W:2)(s— 1) +(D+3W/2)=(n-1)

(As+ 1 )s W=sW+3W+2D (4.2)

For the purpose of comparison, the amount of movement of
a waler 1n coating resin and transferring a pattern for s sets
cach including n shot areas according to the conventional
technique 1s calculated below. In the conventional technique,
the process of coating resin and transferring the pattern 1s
performed for the total of nxs shot areas on a one-by-one
basis. The amount of movement can be determined by sub-
stituting ns into n 1 equation (2.3) according to the second
embodiment described above with reference to FIG. 9, and
the result 1s given below.

2nsD+2nsW (4.3)

From equations (4.1) and (4.3), it 1s dertved that when the
condition given by (4.4) shown below 1s satisfied, the total
amount of movement of the waler according to the present
embodiment of the invention 1s smaller than that according to
the conventional technique.

(n—-1)(25—1)s WH2sD+2s W(2n-1)<2nsD+2nsW

D>(s+1U2)W (4.4)

The condition (4.4) described above 1s premised on the con-
dition D+W/2>(1n-1)sW-W, and 1n this case, to ensure that
the amount of movement of the waler 1s smaller for the

present embodiment of the invention, 1t 1s necessary to deter-
mine D and W such that the condition (4.4) 1s satisfied.
On the other hand, from equations (4.2) and (4.3), the

condition (4.5) shown below can be derived.

(n—-1)Y(4s+1 ) s W=sWH+3IW+2D<2nsD+2nsW

D>(25=1/2=((2s+1)(s= 1)) (5= 1)) W (4.5)

The condition (4.5) described above 1s premised on the con-
dition D+W/2<(n-1)sW-W, and 1n this case, to ensure that
the amount of movement of the water 1s smaller for the

present embodiment of the invention, it 1s necessary to deter-
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mine D and W such that the condition (4.5) 1s satisfied. That
1s, inequalities (4.4) and (4.5) indicate conditions that need to
be satisfied to achieve the advantages of the present embodi-
ment.

The values of the parameters n and s are determined taking
into account factors such as the locations of shot areas, the
width W of each shot area, the characteristic of the resin, etc.

By determining the values of n and s such that the condition
(4.4) or (4.5) 1s satisfied, the advantages of the present

embodiment of the invention can be achieved. In other words,
when n and s are given, 11 checking 1s performed as to whether
the condition (4.4) or (4.5) 1s satisfied, 1t 1s possible to deter-
mine whether the advantages of the present embodiment are
achieved.

Third Embodiment

In the case (2) 1n the first embodiment described above, the
coating of resin and the transferring of the pattern are per-
formed for shot areas 1n the order 1n the —X direction, and the
waler 1s moved in the —X direction during the coating of resin.
In a third embodiment described below, nstead of coating
resin while moving the wafer into the —X direction, coating of

resin 1s performed while moving the wafer in the +X direc-
tion.

InFI1G. 13, (a)to (1) correspond to (a) to (1) in FIG. 8. In the
example of the process described below with reference to
FIG. 13, coating of resin 1s performed continuously for a set
of shot areas 53 and 54 as with the case shown 1n FIG. 8.
However, the process shown 1n FIG. 13 1s different from that
shown 1n FIG. 8 in that the water 1s moved 1n the +X direction
in the process of coating resin, and thus shot areas are sub-
jected to coating of resin 1n the order starting with the shot
arca 54. To coat resin while moving the waler in the +X
direction, the shot area 54 1s moved to a location different
from the coating position 45 shown 1n FIG. 3. That 1s, 1n the
present embodiment, the coating position 1s located on the —X
side of the set of ejection nozzles 47.

In this case, the total amount of movement of the water
necessary in the coating of resin and transierring of the pat-
tern continuously for n shot areas can be calculated as fol-
lows. The water 1s moved by a distance of W to coat resin over
one entire shot area. Therefore, the watfer 1s moved by a
distance oI nW to coat resin for all n shot areas. In the case (2)
according to the first embodiment described above, after the
coating of resin 1s completed for n shot areas, the following
process 1s performed differently depending on the case. How-
ever, 1n the present embodiment, the process 1s performed
always 1n the same way.

After the coating of resin 1s completed, the water 1s moved
by a distance of D+nW-W/2 to a location at which the first
shot area of the set 15 just under the pattern of the mold. The
waler 1s then further moved by a distance of (n—1)W to finish
continuous transierring of the pattern for n shot areas. The
waler 1s then moved by a distance of D+W/2 to the coating
position at which to perform coating of resin for a next set of
shot areas. Thus, 1n this case, the total amount of movement of
the wafer necessary 1n the coating of resin and transierring of
the pattern for n shot areas according to the present embodi-
ment 1s given by equation (5.1) shown below.

(R W (D+nW=W/2)+(5- Y W+(D+W/2)=2D-W+3nW (5.1)

Next, for the purpose of comparison, the amount of move-
ment of a waler according to the conventional technique 1s
calculated. The water 1s moved 1n a similar manner to the case
(2) according to the first embodiment described above with
reference to FIG. 9 except that the water 1s moved in the +X
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direction during the coating of resin for any shot area. Thus,
the total amount of movement of the wafer necessary in the
coating of resin and transferring of the pattern for n shot areas
can be calculated as follows. The wafer 1s moved by a distance
of W to coat resin over one entire shot area. After the coating
of resin 1s completed, the water 1s moved by a distance of
D+W/2 to a location at which that the shot area 1s just under
the pattern of the mold. The water 1s then moved by a distance
of D+W/2to coat resin over the entire next shot area. Thus, the
total amount of movement of the waler necessary in the
coating of resin and transferring of the pattern for n shot areas
1s grven by equation (5.2) shown below.

(WH(D+ W2+ (D+ W2 )xn=2uD+2nW (5.2)

Equation (5.1) 1s 1dentical to equation (2.1) for the case (2)
according to the first embodiment described above, and equa-
tion (5.2) 1s 1dentical to equation (2.3) for the case (2) accord-
ing to the first embodiment. Therefore, the amount of move-
ment of the water 1s smaller for the present embodiment than
the conventional technique when condition (2.4) determined
from equations (2.1) and (2.3) 1s satisfied.

As described above, 1n the present embodiment, the coat-
ing of resin and the transferring of the pattern are performed
for shot areas 1n the order 1n the —X direction, and the water 1s
moved 1n the +X direction during the coating of resin. In this
case, the amount of movement of the water 1s smaller for the
present embodiment of the mvention than the conventional
technique when D and W are selected so as to satisiy condi-

tion (2.4).
Fourth Embodiment

In the case (2) in the second embodiment described above,
the coating of resin and the transierring of the pattern are
performed for shot areas 1n the order in the —X direction, and
the water 1s moved in the —X direction during the coating of
resin. In a fourth embodiment described below, instead of
coating resin while moving the water into the —X direction,
coating of resin 1s performed while moving the water in the
+X direction.

In FIG. 14, (a) to (g) correspond to (a) to (g) of FIG. 12. In
the example of the process described below with reference to
FIG. 14, coating of resin 1s performed continuously for a set
of shot areas 102 and 104 as with the case shown in FI1G. 12.
However, the process shown 1n FIG. 14 1s different from that
shown in FIG. 12 in that the wafer 1s moved in the +X
direction during the process of coating resin, and thus shot
areas are subjected to coating of resin in the order starting
with the shot area 54. 'To coat resin while moving the wafer in
the +X direction, the shot area 54 1s moved to a location
different from the coating position 45 shown in FIG. 3. in the
present embodiment, the coating position is located on the —X
side of the set of ejection nozzles 47.

In this embodiment, the amount of movement of the water
during the process can be calculated as follows. The water 1s
moved by a distance of W as resin 1s coated over one shot area.
The center-to-center distance between selected two adjacent
shot areas 1s sW, and thus the amount of movement during the
process of coating resin for all n shot areas 15 W+(n—1)sW.
After the coating of resin 1s completed, the water 1s moved by
a distance of D+W/2+(n-1)sW to alocation at which the shot
area 1s just under the pattern of the mold. The wafer 1s then
turther moved by a distance of (n-1)sW to finish continuous
transierring ol the pattern for n shot areas. After the transier-
ring of the pattern 1s completed for n shot areas, transierring
of the pattern 1s performed 1n either one of the two ways
described below.
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(1) In a case where D+W/2>(n-1)sW at a location at which
the transferring of the pattern 1s completed for n shot areas,
and the wafer 1s going to be moved 1n the +X direction to a
location at which coating of resin 1s to be started for a next set
of shot areas, the amount of movement of the water 1s calcu-
lated as follows. After the transferring of the pattern 1s com-
pleted, the water 1s moved by a distance of D+W/2-(n-1)sW
to a location at which to start coating of resin for a next set of
shot areas. Note that in a case where the process 1s completed
for s sets, this distance 1s given by D+W/2. Thus, the total
amount of movement of the watfer necessary in the coating of
resin and transierring of the pattern for s sets each including,
n shot areas according to the present embodiment 1s given by
equation (6.1) shown below.

(W+(n-1D)sW+D+ W 2+(n-1))s WH(n—1)s Wyxs+(D+ W/
2—(n-1)sW)(s—1)+(D+ W 2)=(n-1)(2s+1)s W+

2sD+2sW (6.1)

(2) In a case where D+ W/2<(n-1)sW at alocation at which
the transferring of the pattern 1s completed for n shot areas,
and the wafer 1s going to be moved 1n the —X direction to a
location at which coating of resin 1s to be started for a next set
of shot areas (see (h) of FIG. 14), the amount of movement of
the wafer 1s calculated as follows. After the transferring of the
pattern 1s completed, the wafer 1s moved by a distance of
(n—1)sW-D-W/2 to a location at which to start coating of
resin for a next set of shot areas. Note that 1n a case where the
process 1s completed for s sets, this distance 1s given by
D+W/2. Thus, the total amount of movement of the water
necessary in the coating of resin and transierring of the pat-
tern for s sets each including n shot areas according to the
present embodiment 1s given by equation (6.2) shown below.

(W+(n-1)sW+D+W2+(n-1)sW+(n-1)sWyxs+((n—1)s
W-D-Wi2)(s—-1)+(D+W/2)=(n-1)(ds-1)sW+s

W+ W+2D (6.2)

For the purpose of comparison, the amount of movement of
a waler 1n coating resin and transierring a pattern for s sets
cach including n shot areas according to the conventional
technique 1s calculated below. In the conventional technique,
the process of coating resin and transierring the pattern 1s
performed for the total of nxs shot areas on a one-by-one
basis. The amount of movement can be determined by sub-
stituting ns mto n 1 equation (3.2) according to the third
embodiment described above, and the result 1s given below.

2nsD+2nsW (6.3)

From equations (6.1) and (6.3), 1t 1s derived that when the
condition given by (6.4) shown below 1s satisfied, the total
amount ol movement of the waler according to the present
embodiment of the invention 1s smaller than that according to
the conventional technique.

(n—1)(2s+1 ) sW+2sD+2s W<2nsD+2nsW

D>(s-1/2)W (6.4)

The condition (6.4) described above 1s premised on the con-
dition D+W/2>(n-1)sW, and 1n this case to ensure that the
amount of movement of the water 1s smaller for the present
embodiment of the invention, 1t 1s necessary to determine D
and W such that the condition (6.4) 1s satisfied.

On the other hand, from equations (6.2) and (6.3), the
condition (6.5) shown below can be derived.

(n—1)(ds=1 ) sW+s W+ W+2D <2usD+2nsW

D>(25-3/2—((2s-1){s= 1))/ (ns=1)W (6.5)

The condition (6.5) described above 1s premised on the con-
dition D+W/2<(n-1)sW, and 1n this case, to ensure that the
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amount of movement of the wafer 1s smaller for the present
embodiment of the mvention, 1t 1s necessary to determine D
and W such that the condition (6.5) 1s satisfied. That 1is,
inequalities (6.4) and (6.5) indicate conditions that need to be
satisfied to achieve the advantages of the present embodi-
ment.

The values of the parameters n and s are determined taking
into account factors such as the locations of shot areas, the
width W of each shot area, the characteristic of the resin, etc.

By determining the values of n and s such that the condition
(6.4) or (6.5) 1s satisfied, the advantages of the present
embodiment of the invention can be achieved. In other words,
whenn and s are given, 11 checking 1s performed as to whether
the condition (6.4) or (6.5) 1s satisfied, 1t 1s possible to deter-
mine whether the advantages of the present embodiment are
achieved.

In any embodiment of the present invention, the value ofn
indicating the number of shot areas to be continuously sub-
jected to coating of resin may be determined according to a
mathematical expression indicating a condition to be met to
minimize the movement of the water. The mathematical
expression may include variables indicating the distance (D)
between the coating unit and the mold and the width (W) of
the shot area as seen in the direction parallel to the direction
in which the holding unit and the coating unit are arranged.,
and the mathematical expression may represent the condition
for the value of n to be satisfied to achieve the advantages of
the mvention. More specifically, an acquisition unit (not
shown) may acquire the values of D and W and an arithmetic
unit (not shown) may determine the value of n from the
acquired values so as to satisty the mathematical expression.
The acquisition unit and the arithmetic unit may be disposed
in the imprinting apparatus or may be disposed 1n an external
processing apparatus connected to the imprinting apparatus.
Thus the imprinting apparatus 1s capable of operating 1n a
manner 1n which the advantages of the present invention are
achieved according to n whose value 1s properly determined
depending on parameters associated with the distance (D)
between the coating unit and the mold and the width (W) of
the shot areas even for a case where the parameters are
allowed to vary.

In any embodiment of the present invention, information
may be displayed on a display apparatus (not shown) of the
imprinting apparatus IMP as to a layout of shot areas and/or
sets of shot areas selected by the selection unit. The display
apparatus may be disposed on the imprinting apparatus IMP,
or the display apparatus may be disposed in the outside of the
imprinting apparatus IMP and may be connected to the
imprinting apparatus IMP. The information may be dis-
played, for example, such that shot areas may be displayed in
different colors or symbols depending on whether shot areas
have already been subjected to coating of resin or transierring
of the pattern in the imprinting process thereby allowing a
user to distinguish among these shot areas. This allows the
user to know the layout of shot areas defined on the water
before the imprinting process 1s started and also the status of
cach set of shot areas selected by the selection unit during the
imprinting process. Thus, the user 1s allowed to change the
configuration of each set of shot areas as required or specity
particular shot areas that are not to be subjected to the imprint-
INg Process.

FIG. 15 illustrates an example of a manner 1n which infor-
mation associated with shot areas 1s displayed on the display
apparatus. In this example, the layout of shot areas 50 defined
on the water 12 1s displayed on the display apparatus. The
information displayed on the display apparatus includes a




US 8,574,479 B2

19

shotnumber 60 1dentifying each shot area and a set number 62
identifyving each set of shot areas selected by the selection
unit.

In the embodiments described above, it 1s assumed that the
waler 12 1s held by the water stage 31 and the coating of resin
and the transferring of the pattern are performed while mov-
ing the water stage 31. Alternatively, the water 12 may be
maintained at a fixed location and, instead, the coating unit 32
and the imprint head 33 may be moved in the process of
coating resin and transierring the pattern. There may be dis-
posed a unit configured to move the coating unit 32. Instead of
moving the shot area, the shot area may be maintained at a
fixed location and the coating unit 32 may be moved horizon-
tally during the process of coating resin. In the embodiments
described above, 1t 1s assumed that the imprinting apparatus
IMP includes only one coating unit. Alternatively, the
imprinting apparatus IMP may additionally include a second
coating unit disposed at alocation symmetrical to the location
of the coating unit 32 with respect to the imprint head, and the
two coating units may be selectively used.

In the embodiments of the invention described above, it 1s
assumed that shot areas are continuously subjected to the
coating of resin and the transferring of the pattern in the same
order so as to minimize the variation in the time spent before
the transferring of the pattern 1s started after the coating of
resin 1s completed.

In the embodiments of the invention described above, the
photocuring process 1s employed to cure the resin. Alterna-
tively, resin that 1s curable by heating the resin and then
cooling 1t may be used to transier a pattern to a water.

Various devices such as a semiconductor integrated circuit,
a liquid crystal display device, etc. may be produced using a
process including transferring of a pattern to a substrate such
as a waler, a glass plate, a film substrate, etc. using an imprint-
ing apparatus. The process may include a step of etching the
substrate having the transferred pattern. In the case of pro-
duction of other devices such as a patterned medium (storage
medium), an optical element, etc., the process may include a
step other than the etching step.

While the present invention has been described with refer-
ence to exemplary embodiments, it 1s to be understood that
the 1nvention 1s not limited to the disclosed exemplary
embodiments. The scope of the following claims 1s to be
accorded the broadest mterpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2009-209541, filed Sep. 10, 2009, which 1s

hereby incorporated by reference herein in 1ts entirety.

What is claimed 1s:

1. An imprinting method for transferring a pattern of a
mold to a resin dispensed on a substrate by using an imprint-
ing apparatus including a holding unit configured to hold the
mold, a dispensing unit configured to dispense the resin on the
substrate and a selection unit that selects n shot areas on the
substrate, the method comprising:

dispensing the resin 1n the n selected shot areas arranged 1n

a direction parallel to a direction 1n which the holding
umt and the dispensing unit are arranged where n 1s an
integer equal to or greater than 2; and

after the dispensing the resin 1n the n selected shot areas 1s

performed, transierring the pattern to the n selected shot
areas on a one-by-one basis,

wherein 1n the dispensing the resin, while the substrate 1s

being moved 1n a direction from the dispensing umit
toward the holding unit, the resin 1s continuously dis-
pensed in the n selected shot areas arranged on the sub-
strate 1n a row 1n a direction from the holding unit toward
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the dispensing unit 1n order in the direction from the
holding unit toward the dispensing unit, and the pattern
1s continuously transferred to the n selected shot areas 1n
order 1n which the resin 1s dispensed in the n selected
shot areas,

wherein a distance D between the dispensing unit and the

mold and a width W of each shot area as seen 1n the
direction parallel to the direction 1n which the holding
unit and the dispensing unit are arranged are selected so
as to satisiy a condition D>(3/2-1/n)W,

wherein the dispensing and the transferring are performed

repeatedly on the substrate,

wherein the selection unit determines n that satisfies the

condition D>(3/2-1/n)W based on the distance D and
the width W, and selects n shot areas from a plurality of
shot areas on a wafer based on the determined n, and

wherein one shot area on the substrate corresponds to a

pattern area formed on the mold.

2. An imprinting method for transferring a pattern of a
mold to a resin dispensed on a substrate by using an imprint-
ing apparatus including a holding unit configured to hold the
mold, a dispensing unit configured to dispense the resin on the
substrate and a selection unit that selects n shot areas on the
substrate, the method comprising:

dispensing the resin in the n selected shot areas arranged 1n

a direction parallel to a direction 1n which the holding
unit and the dispensing unit are arranged where n 1s an
integer equal to or greater than 2; and

aiter the dispensing the resin 1n the n selected shot areas 1s

performed, transierring the pattern to the n selected shot
areas on a one-by-one basis,

wherein in the dispensing the resin, while the substrate 1s

being moved 1n a direction from the dispensing umit
toward the holding umt, the resin 1s continuously dis-
pensed 1n the n selected shot areas arranged on the sub-
strate 1n a row 1n a direction from the holding unit toward
the dispensing unit in order in the direction from the
holding unit toward the dispensing unit, and the pattern
1s continuously transferred to the n selected shot areas 1n
order 1n which the resin 1s dispensed in the n selected
shot areas,

wherein a distance D between the dispensing unit and the

mold and a width W of each shot area as seen 1n the
direction parallel to the direction 1n which the holding
unit and the dispensing unit are arranged are selected so
as to satisiy a condition D>(3/2-1/n)W,

wherein the dispensing and the transferring are performed

repeatedly on the substrate,
wherein the selection unit determines n that satisfies the
condition D>(3/2-1/n)W based on the distance D and
the width W, and selects n shot areas from a plurality of
shot areas on a wafer based on the determined n, and
wherein one shot area on the substrate corresponds to a pat-
tern area formed on the mold,
wherein the selection unit 1s configured to select the n shot
areas such that each two adjacent shot areas of the n shot
areas selected are at locations separated apart by a pre-
determined distance, and wherein the predetermined
distance between the two adjacent shot areas of the n
shot areas selected 1s larger than a width of the shot area.

3. The imprinting method according to claim 2, wherein the
predetermined distance 1s an integral multiple of the width of
the shot area.

4. An imprinting method for transferring a pattern of a
mold to a resin dispensed on a substrate by using an imprint-
ing apparatus including a holding unit configured to hold the
mold, a dispensing unit configured to dispense the resin on the
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substrate and a selection unit that selects n shot areas on the
substrate, the method comprising:
dispensing the resin 1n the n selected shot areas arranged in
a direction parallel to a direction 1n which the holding
umt and the dispensing unit are arranged where n 1s an
integer equal to or greater than 2; and
after the dispensing the resin 1n the n selected shot areas 1s
performed, transferring the pattern to the n selected shot

areas on a one-by-one basis;

wherein 1n the dispensing the resin, while the substrate 1s
being moved 1n a direction from the holding unit toward
the dispensing unit, the resin 1s continuously dispensed
in the n selected shot areas arranged on the substrate in a
row 1n a direction from the holding unit toward the
dispensing unit 1n order 1n the direction from the dis-
pensing unit toward the holding unit, and the pattern 1s
continuously transferred to the n selected shot areas 1n
order 1n which the resin 1s dispensed 1n the n selected
shot areas,

wherein a distance D between the dispensing unit and the
mold and a width W of each shot area as seen 1n the
direction parallel to the direction 1n which the holding
umt and the dispensing unit are arranged are selected so
as to satisly a condition D>W/2,

and wherein the dispensing and the transierring are per-
formed repeatedly on the substrate,

wherein the selection unit determines n when the distance
D and the width W satisiy the condition D>W/2, and
selects n shot areas from a plurality of shot areas on a
waler based on the determined n, and
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wherein one shot area on the substrate corresponds to a

pattern area formed on the mold.

5. The imprinting method according to claim 1,

wherein, 1n the transferring the pattern, the pattern 1s trans-

ferred to the shot area by bringing the resin into contact
with the mold, curing the resin, and separating the cured
resin from the mold, in each shot area, and

wherein the dispensing and the transferring are performed

repeatedly on the substrate.

6. The imprinting method according to claim 1, wherein the
selection unit 1s configured to select the n shot areas such that
cach two adjacent shot areas of the n shot areas selected are at
locations separated apart by a predetermined distance, and
wherein the predetermined distance between the two adjacent
shot areas of the n shot areas selected 1s larger than a width of
the shot area.

7. The imprinting method according to claim 6, wherein the
predetermined distance 1s an integral multiple of the width of
the shot area.

8. The imprinting method according to claim 4, wherein the
selection unit 1s configured to select the n shot areas such that
cach two adjacent shot areas of the n shot areas selected are at
locations separated apart by a predetermined distance, and
wherein the predetermined distance between the two adjacent
shot areas of the n shot areas selected 1s larger than a width of
the shot area.

9. The imprinting method according to claim 8, wherein the
predetermined distance 1s an integral multiple of the width of
the shot area.
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